With an increasing global usage of dyes and colorants in various industries, the increase in dye contamination level in water has frequently reported. Developments of appropriate techniques for the degradation of dyes in industrial wastewater are critical and urgently required. Utilization of low-cost materials for the treatment of various dyes using an alternative driving energy could be promising in near future. In the study, activated carbon (AC) was prepared using agricultural waste (coconut shell) and utilized for designing the CeO 2 /AC composites using soft chemical route. The effect of AC on the composite was studied by varying the AC and CeO 2 weight ratios, and as-prepared photocatalytic composites were characterized using suitable analytical techniques. Characterization results clearly indicated a remarkable impact of AC on porosity and surface area, surface morphology, structural and textural properties and photocatalytic activities of the composites. Complete removal of industrial dyes used in aqueous media was observed and 91.3% of degradation efficiency of organic pollutants in real-time textile industrial wastewater within 5 h under LED light source. Reusability study clearly indicated that CeO 2 / AC composites could be reused up to three cycles for the removal of organic pollutants and dyes in aqueous media under visible light source as an alternative driving energy.
Introduction
All around the world, water is becoming an increasingly scant resource and people are forced to consider any source of water, which might be used economically and effectively to promote further development. Many industries are producing large amount of dyes and use them in textile, papers, plastics, pharmaceuticals, food industries, etc. Dye and coloring materials are labeled as important sources of environmental contamination, due to their high toxicity and non-biodegradability effects on aquatic creatures and humans (Foo and Hameed 2010) . Some amount of dye molecules is highly visible and affects water quality to a larger extent. Most of the industrial dyes are very difficult to degrade, as they are stable to heat, light and oxidizing agents. Initially, chlorination methods were employed to decolor the water that was contaminated by various dyes, and later, it was confirmed that chlorination processes caused greater danger than the color itself by producing chlorinated hydrocarbon as by-products (Gosetti et al. 2004 ). Physicochemical and biological removal techniques like adsorption, coagulation, flocculation, membrane filtration, ozonation, electrochemical, radiolysis, bacterial, algal, fungal and advanced oxidation processes have been known to decolorize the industrial wastewater (Ince and Tezcanh 1999; Kannan and Sundaram 2001; Rai et al. 2005; Wojnarovits and Takacs 2008; Solmaz et al. 2009; Chaudhari et al. 2011) . Unfortunately, these wastewater treatment techniques have their own drawbacks to complete treatment of dye molecules from various industrial wastewaters. Wastewater being released 1 3 25 Page 2 of 14 from various industries comprise of different dyes and colorants. Hence, it becomes essential to promote the prevailing techniques as well as to look for new techniques that decolorize the mixture of dyes rather than a single dye solution. It is now a popular perception that the solutions to the existing and future water challenges will hinge upon further developments of advanced materials and methods. Designing the novel and affordable materials for wastewater treatment has experienced a significant growth in recent days. It is poised to make its contribution in creating advanced next-generation water treatment technologies. Nanocomposite materials have emerged as suitable alternatives to overcome limitations of microcomposites and monolithics, while posing preparation challenges related to the control of elemental compositions and stoichiometry in the nanocluster phases (Roy et al. 1986; Schmidt et al. 2002) . In the view of possessing design uniqueness and property combinations, general understanding of these properties is influenced by various compositions and ratios yet to be studied. Nowadays, designing the novel photocatalytic composites with desired properties offers new technologies and opportunities for advanced and eco-friendly water treatment. In the present research work, the preparation of low-cost composite materials were carried out using indigenously prepared activated carbon (AC) with CeO 2 through soft chemical processes. Asprepared carbon CeO 2 /AC photocatalytic composites were demonstrated for the treatment of various industrial dyes in aqueous media. Organic pollutants with complex mixtures of various dyes in real-time textile wastewater were effectively removed CeO 2 /AC photocatalytic composites within short duration using LED source as an alternative driving energy.
Materials and methods

Preparation of activated carbon (AC) using coconut shell
Activated carbon was prepared indigenously using coconut shell as raw material. Coconut shell was collected, cleaned and shredded into small pieces. It was then subjected to pyrolysis in a muffle furnace at 800 °C followed by soaking and drying at 60 °C. The preparation of AC using coconut shell in detail can be obtained from our previous publication (Shivaraju et al. 2018) . As-prepared AC material was grinded, sieved and stored in airtight containers. Schematic of indigenous preparation of AC is shown in Fig. 1 .
Preparation and characterization of CeO 2 /AC composites
The CeO 2 /AC composites were prepared using soft chemical and hydrothermal treatment techniques using alkaline solution of pH 10. Cerium oxide (N. R. Chemicals, India) and activated carbon (obtained from coconut shell) were mixed under alkaline condition with continuous stirring using magnetic stirrer for 10 h. As-obtained homogeneous solution was kept in dark for 24 h for aging and treated under hydrothermal conditions at 120 °C for 6 h (Shivaraju 2011) . After hydrothermal treatment, the final product was carefully washed using deionized water and dried using dust-free hot air oven. Same procedure was used to prepare CeO 2 /AC composites by varying the weight ratios of AC from 0 to 80%. The CeO 2 /AC composites prepared were characterized by analytical techniques like UV-Vis spectroscopy, powder X-ray spectroscopy, scanning electron microscopy, Fourier infrared spectroscopy, dynamic light scattering and photocatalytic activity under different photon sources (Shivaraju et al. 2017 ).
Photocatalytic degradation of industrial dyes
Photocatalytic degradation of the selected model industrial dyes such as brilliant green (HiMedia, India), methyl orange (HiMedia, India), brilliant blue (HiMedia, India) and phenol red (HiMedia, India), which are commonly being used in many industries like textile, paper, tanneries, food, pharmaceutical, etc., was carried out in a reaction vessel using CeO 2 /AC composites under LED light source. About 0.015 g of composite material was suspended into 50 ml of an aqueous dye solution with continuous stirring; then, it was kept in dark for 3 h to attain the adsorption-desorption equilibrium. A blank experiment was maintained without composite material. The initial and final concentrations of dye in an aqueous solution were determined using spectroscopic techniques with respect to the wavelength. After 3 h, dyes in an aqueous medium with suspended composite were irradiated to a light source (Philips, 9 W LED lamp) for 6-h duration. After that, aqueous dye samples were centrifuged to remove the suspended composite materials and concentration of dyes in aqueous media was determined. Photocatalytic treatment of real-time industrial wastewater, which was collected from textile industry, was determined using CeO 2 / AC composites under LED light source for 5-h duration. Degradation rate of organic pollutants including dyes was evaluated by the determination of the initial and final COD value of industrial wastewater (Shivaraju et al. 2017 ).
Results and discussions
CeO 2 /AC composites with different weight ratios were prepared using soft chemical and hydrothermal technique, and varied weight percent ratios of AC and CeO 2 in the composites are given in Table 1 .
Characterization of CeO 2 /AC composites
Band gap energy
As-prepared CeO 2 /AC composites were determined for its band gap energy using spectrophotometric techniques, and the results obtained are shown in Fig. 2 . Absorption of UV-visible light may result the excitation of electrons in both atoms and molecules to higher energy levels. Each molecule undergoes electronic excitation following the absorption of light. The wavelength of light absorbed is the characteristic of its chemical structure. Hence, the absorption spectra can be used qualitatively to identify atomic and molecular species. Crystalline cerium dioxide has a band gap of 3.19 eV (Devadoss et al. 2016 ) and absorbs strongly in the UV region with the absorption threshold near λ = 1240/E g = 400 nm (25,000 cm −1 ) (Ranjan and Rao 2000) . The band gap of a material can be estimated from the absorption edge wavelength of the inter-band transition (Rao and Sahu 2001) . The particle size of semiconductor material such as ceria is very sensitive to the UV absorption edge wavelength. All the samples exhibit a strong absorption at near UV region, i.e., > 360 nm. The charge transfer transition from O 2− (2p) to Ce 4+ (4f) orbitals in CeO 2 (Rao and Sahu 2001; Wang et al. 2007 ) resulted in the sharp absorption bands at 282 and 308 nm in the UV range. These spectral profiles indicate the inter-band transitions in CeO 2 (Zaki et al. 1997) . It is observed that the intensity of the absorption is decreased as the % wt of CeO 2 decreases from 5 to 0. Direct band gap (E g ) of samples is determined by fitting absorption data to direct transition Eq. (1):
where α is the optical absorption coefficient, hυ the photon energy, E g the direct band gap and E d a constant (Gao et al. 2001) . Band gap of CeO 2 samples have been measured by plotting (αhυ) 2 as a function of photon energy and extrapolating linear portion of the curve to adsorption equal to zero (Babitha et al. 2015) . Figure 3 shows the XRD patterns of CeO 2 /AC composites, and CeO 2 sample exhibits typical peaks corresponding to (111), (200), (220) and (311) planes, which are typical of face-centered cubic fluorite structure. All peaks can be indexed to a pure cubic fluorite structure of CeO 2 , which is in agreement with the JSPDS file No. 81-0792 for CeO 2 . Similarly, XRD peaks of AC were confirmed with the JSPDS file No. 46-0944, while new peaks formed in the composite implies the formation of CeO 2 /AC and it was in agreement with JSPDS file No. 26-0356. The results obtained showed that the characteristic peaks of AC have not appeared in Table 1 Weight percent ratios of AC and CeO 2 in the composites
Powder X-ray diffraction spectroscopic study
(1) h = E d h − E g 1∕2
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Band gap energy of AC/CeO 2 composite materials XRD pattern of the composite that attributed to fact that the crystalline extent of ACs is much lower than the crystalline extent of CeO 2 and it may lead to the shielding of the peaks of AC by CeO 2 in the compositions (Gupta and Saleh 2011a, b) . The XRD results clearly showed good crystalline structure of CeO 2 /AC prepared using hydrothermal techniques, and crystalline phases of composites apparently exhibit good photocatalytic activity and stability.
FTIR study
FTIR spectroscopy is used to identify the functional groups and study the vibrational motion of atoms and molecules (Babitha et al. 2015) . In FTIR spectroscopy, each molecule only absorbs IR light of certain frequencies based on the characteristic for each molecule. Hence, it is possible to identify the molecule type (qualitative analysis) and the amount of molecule in the sample (quantitative analysis) by studying the absorption spectrum. The FTIR spectra of the samples of different compositions are shown in Fig. 4 . The absorption peak found at 2000-3400 cm −1 which is assigned to OH stretching vibrations of H 2 O in the CeO 2 (Gao et al. 2001) and absorption band at 1380 cm −1 correspond to physically adsorbed water molecules (Ho et al. 2006 ). The absorption bands at 848 cm −1 and 521 cm −1 are produced by CeO 2 , which is the typical peak for the Ce-O stretching vibrations (Niu et al. 2009; Palard et al. 2010; Khan et al. 2011 ). In addition, the spectra of CeO 2 show all principal vibrational modes, which are in good agreement with the literature (Gao et al. 2001; Ho et al. 2006; Niu et al. 2009; Palard et al. 2010; Khan et al. 2011) . It is observed that most of the peaks of CeO 2 /AC composite are located approximately at the following regions of the FTIR spectra: 3440 cm −1 , 2932 cm −1 , 2860 cm −1 , 1626 cm −1 , 1445 cm −1 , broad band between 1300 cm −1 and 1000 cm −1 , and small bands between 870 cm −1 and 450 cm −1 , respectively. The surface functional groups relating to these regions were found to be hydroxyl group of water molecules adsorbed: C-H symmetric and asymmetric stretching of residual methylene groups on the surface (El-Khouly et al. 2017). Sharp bands observed at 880 cm −1 and 1445 cm −1 are assigned to bending vibration of C-H bond in 1,2,4-trisubstituted group and vibration of α-CH 2 bending, respectively. The band observed at 1625 cm −1 is assigned to stretching vibration of C=O bond in carbonyl group. The absorption bands of phosphorous-containing groups (e.g., P=O, P-O-P, P=OOH, P-O-C) and C-O groups are located between 1300 and 1000 cm −1 (Puziy et al. 2002; Bandosz and Ania 2006; El-Khouly et al. 2017) , respectively. The formation of various functional carbonylic and alcoholic groups can be observed at 3430 cm −1 (-OH), 1625 cm −1 (COOH) and 1082 cm −1 (C-O) (El-Khouly et al. 2017) , indicating that the fictionalization process has been effectively taken place. The end region is usually associated with the residues of aliphatic groups and the out of plane deformation mode of C-H in substituted benzene rings, resulting in the carbonization of lingo cellulosic materials (Puziy et al. 2002) . In the case of CeO 2 , the characteristic peak of Ce-O bond appears at around 450 cm −1 , whereas in the case of composite it has been shifted to 461 cm −1 . The shift may be due to the formation of chemical bond between cerium and AC through oxygen-containing groups (Gupta and Saleh 2011a, b; Irajiboroujeni et al. 2016; El-Khouly et al. 2017) . During the synthesis of composite, strong interactions between metal oxide and ACs have formed, which may be a plausible reason for the enhanced physical and chemical properties of the synthesized composite.
SEM study
Details regarding size and surface morphology of the composites can be studied using scanning electron microscopy (SEM). The results obtained clearly indicate the rough surface area with aggregated particles in composite systems, and SEM images of CeO 2 /AC composites are shown in Fig. 5 . SEM images showed very porous morphology due to the presence of AC that apparently shows high surface area and porosity.
BET surface area analysis
The surface area measurement by standard BET technique was taken for the prepared composite materials. The surface area of the prepared CeO 2 , AC and CeO 2 /AC composites is given in Table 2 . The BET surface area of CeO 2 was found to be 164.43 m 2 g −1 , and the table shows that the % wt of AC has an inevitable relation with the surface area of composite (Ching et al. 2005; Pan et al. 2008; Fang et al. 2008) . The increase in BET surface area in composites was observed Fig. 3 Powder X-ray patterns of CeO 2 /AC composites with the increase in wt% of activated carbon, but after a specific point, the decrease in BET surface area can be seen.
Photocatalytic activity
Photocatalytic activities of CeO 2 /AC composites were determined using 0.01 M methyl violet dye under different light sources, and the results obtained are shown in Fig. 6 . The catalytic composites B, C and D showed considerable photocatalytic activities under visible light and photocatalytic activities of these composites under visible light confirmed spectrophotometric study. The mean averaged degradation efficiency of CeO 2 /AC (3:2) composite under different light sources was about 91%, and composite C showed the highest photocatalytic activity under visible light. Moreover, the increase in catalytic activity of composite E in dark was pointed out the part played by adsorption in the degradation of methyl violet dye. Photocatalytic activities of composite materials under different light sources were clearly indicated the synergy effect of CeO 2 and AC. Such synergic effect can be observed only when CeO 2 and AC form a perfect composite and having an appropriate interaction between them 
Photocatalytic degradation of industrial dyes
Photocatalytic degradation of industrial dyes in aqueous media was carried out under 5 W LED light source (Philips, India) for 6-h duration, and degradation rate of industrial dyes is shown in Figs. 7. The results obtained clearly showed the potential removal of industrial dyes under photocatalytic degradation processes within 6 h. The presence of stable AC within the composite material system apparently attracts more dye molecules in aqueous media and supply to the active site of photocatalysts. In addition, CeO 2 /AC composites such as C, D and E were showed considerable rate in the dye removal efficiency by the exhibition of adsorption as well as photocatalytic processes. Combined processes of adsorption and photocatalytic oxidation apparently enhance the overall removal efficiency of organic pollutants and dye molecules in aqueous media. 
Effect of important parameters on photocatalytic degradation
Different conditions, which affect the photocatalytic degradation of industrial dyes in aqueous media, were studied. During the study, methyl violet (0.01 M) was used as model dye and parameters such as pH, catalyst load and irradiation time were considered using LED light source. 
Effect of the initial pH
The effect of pH on photocatalytic degradation of methyl violet (0.01 M) dye was assessed using 0.015 g of photocatalyst (C) for 120 min under LED light source (Philips India, 6 W) by varied pHs, i.e., 2-12. The pH of the dye solution was adjusted using diluted HCl or NaOH solution.
The photocatalytic degradation rate of methyl violet dye was significantly increased up to 93.6% under alkaline as well as acidic condition, and the results obtained are depicted in Fig. 8 . The results clearly showed that photocatalytic degradation efficiency was strongly depending on pH of dye solution (Ghorai 2011; Nagaraju 2013; Ravishankar et al. 2014; El-Khouly et al. 2017) . The increased rate of photocatalytic degradation under alkaline condition may be attributed to the increased hydroxyl ions, which further induces hydroxyl radicals. Under acidic condition, the perhydroxyl radicals can form hydrogen peroxide, which further gives rise to The plausible reason seems to be due to the redox potential of the Ce 4+ /Ce 3+ couple, high wide band gap energy and its strong light absorption in the visible region that apparently enhances photocatalytic activities under LED (Ji et al. 2009; Li et al. 2012; Sun et al. 2012; El-Khouly et al. 2017 ).
Effect of photocatalyst load
Photocatalytic degradation efficiency depends on the nature of the catalyst and the amount of photocatalyst utilized. In order to determine the optimal dosage of the catalyst, photocatalytic degradation study of methyl violet was carried out for 120 min under LED light sources by varying the photocatalyst (C) load from 0.005 to 0.02 g/50 ml. The result (2) > CeOH + 2 ↔> CeOH + H + (acidic condition)
(3) > CeOH ↔> CeO − + H + (basic condition) showed a significant increase in the degradation efficiency up to 94%, and the results are shown in Fig. 9 . The optimal load was found to be 0.015 g/50 ml, and there was no significant change in degradation efficiency beyond 0.015 g of catalyst load. The possible reason was the increased number of active sites on the surface of catalyst suspended for photoreaction, which in turn increases the rate of radical formation in an aqueous solution (Shivaraju et al. 2017) .
Above the optimal level of catalyst load (0.015 g/50 ml), photocatalytic degradation rate was significantly decreased due to the increased turbidity that apparently affects the light penetration, and the availability of hydroxides and superoxides becomes minimal in the media.
Effect of irradiation time
The effect of reaction time on photocatalytic degradation efficiency was studied under LED light sources using methyl violet (0.01 M) and 0.015 g/50 ml photocatalyst (C). As shown in Fig. 10 , there was a significantly increased photocatalytic degradation efficiency that attributed to continuous production of hydroxyl radicals under light sources that apparently leads to the continuous degradation of organic pollutants in aqueous media. of AC. When CeO 2 nanoparticles are exposed to light with energy equivalent to or greater than its band gap, it results in the development of electron-hole pair on surface of CeO 2 , which has undergone redox reaction with organic substrate in water Khan et al. 2011 ). However, photogenerated electrons and hole in semiconductor-based photocatalysts have very short lifetime as they recombine within a short duration. For the enhancement in photocatalytic activity of semiconductors, electron-hole recombination process has to be delayed (Wang et al. 2009 ). The formation of composite helps in transfer of photogenerated electrons from CeO 2 to AC, since AC acts as a good electron acceptor and CeO 2 acts as a good electron donor. AC can adsorb oxygen as well as dye molecules and helps in the generation of additional superoxide anion radical (O 2 .− ) by the reduction of adsorbed oxygen molecule by photogenerated electrons. It will increase the number of radicals that can react with the dye and produce hydroxyl radical (OH) to oxidize the dye. Meanwhile, hydroxyl radical was formed because of reaction photogenerated holes in CeO 2 with hydroxyl anion (OH − ). In short, CeO 2 /AC composite can reduce the electron-hole recombination by improving the injection of electrons to ACs and also increase the adsorption of O 2 and the organic dye for photocatalytic reaction (Wang et al. 2009; Ji et al. 2009; Gupta and Saleh 2011a, b) .
Photocatalytic treatment of real-time industrial wastewater
Reusability study
Reusability and regeneration of CeO 2 /AC composites for photocatalytic degradation applications were studied using recovered composites, and the results obtained are shown in Fig. 12 . Recovery and effect of recycle experiments were studied using methyl violet (0.01 M) and 0.015 g of photocatalyst for 120 min under LED light source. In view of green technology, recycling and recovery can be foreseen as a good practice for sustainable wastewater treatment. Therefore, it was studied for reusability of composite, i.e., after a water treatment the photocatalyst could be reused. The results obtained suggested as the number of reuse cycles increased, the photodegradation efficiency of composites was reduced. This could be due to the aggregation and sedimentation of dye around composites (Shivaraju et al. 2017 ).
Conclusions
The present work revealed well about the preparation of the visible light-responsive CeO 2 /AC composites through soft chemical technique. The effect of AC loading on CeO 2 was investigated by SEM, XRD, FTIR and BET surface area measurements. It was found that loading of AC has remarkable impacts on the surface, structural and textural properties of CeO 2 . The photocatalytic activities of composites prepared were determined using methyl violet dye, and CeO 2 /AC (3:2) composite showed highest photocatalytic activity (up to 94%) under different light sources. The photocatalytic degradation study of methyl violet dye revealed significant effects of pH of the media, irradiation time and catalyst load. Potential photocatalytic degradation of industrial dyes and organic pollutants in real-time textile wastewater within short duration was observed and it was attributed to performance of adsorption and photocatalytic processes within CeO 2 /AC (3:2) composite. Reusability studies were showed that CeO 2 /AC composite of wt% ratio 3:2 exhibited a higher photocatalytic performance as compared to other wt% ratios. The incorporation of AC was enhanced the overall photocatalytic properties in the CeO 2 /AC composite. However, it is observed that other wt% ratios showed a diminished activity. Incorporation of CeO 2 /AC composite-fabricated materials for water and wastewater treatment would be enable the utilization of natural sunlight as an alternative driving energy, which may be substituted the conventional treatment methods.
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